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SURFACE MOUNT MULTICHIP 
DEVICES 

FIELD OF THE INVENTION 

[0001] The present invention relates to two-lead, surface-mount multichip devices. 
The invention has utility, for example, in the fabrication of high-voltage diodes and low- 
capacitance, high-power, transient voltage suppressor (TVS) devices. 

BACKGROUND OF THE INVENTION 

[0002] Fig. 1 is a schematic, cross sectional view of a known surface-mount 
structure, which contains a diode chip 10. Diode chip 10 is disposed within a package 40, 
the outline of which is illustrated. The structure contains an upper lead frame 20, a lower 
lead frame 21 . Lead frames, conductive frames containing leads and headers to which an 
unpackaged die (or "chip'') can be attached, are well known in the semiconductor 
industry. The lead frames 20, 21 have header regions 20 A, 21 A (also known as "chip 
pads" or "die pads"), which are in electrical contact with diode 10 and which are 
commonly provided with dimples (not shown) to enhance electrical contact. The lead 
frames 20, 21 also have lead regions 20B, 21B that extend beyond the packaging 40. By 
wrapping the lead regions 20B, 2 IB around the underside of the packaging 40 (into a so- 
called "J-bend" configuration) or by bending lead regions lead regions 20B, 2 IB 
downward and outward (into a so-called "gull wing" configuration.), the structure can be 
readily surface mounted on another stmcture such as a circuit board. 
[0003] Surface-mount devices having thin packaging are desirable in a number of 
applications, for example, in circuit boards for laptop computers, where vertical space is 
at a premium. The present invention addresses these and other needs by providing a 
multichip surface-mount device, while at the same time avoiding the need stack chips 
upon one another within the device. 
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SUMMARY OF THE INVENTION 

[0004] According to a first aspect of the present invention a surface-mountable 
device is provided which comprises: (a) a first chip comprising lower and upper electrical 
contacts; (b) a second chip comprising lower and upper electrical contacts; (c) a first lead 
frame portion comprising a header region and a lead region, in which the lower contact of 
the first chip is in electrical and mechanical connection with the header region of the first 
lead frame portion; (d) a second lead frame portion comprising a header region and a lead 
region, in which the lower contact of the second chip is in electrical and mechanical 
connection the header region of the second lead frame portion; (e) a conductive member 
(or members) disposed between and in electrical and mechanical connection with the 
upper electrical contact of the first chip and the upper electrical contact of the second 
chip; and (f) packaging material, which encapsulates at least a portion of each of the 
following: the first and second chips, the header regions of the first and second lead frame 
portions, and the conductive member. Typically, the lower and upper electrical contacts 
are on opposing surfaces of the first and second chips. 

[0005] The lead regions of the first and second lead frame portions extend from the 
packaging material and are adapted to allow the device to be surface-mounted with 
another electrical component. The first and second chips are not stacked upon each other 
within the packaged device. 

[0006] The surface-mountable device can be, for example, a TVS device, for 
instance, a low-capacitance and/or high-voltage TVS device. In some embodiments, the 
first and second chips correspond to diodes, for example, rectifier diodes and/or 
avalanche breakdown diodes. As a specific example, the first chip can correspond to an 
avalanche breakdown diode and the second chip can correspond to a rectifier diode 
having a lower capacitance than the avalanche breakdown diode. In other embodiments, 
the first chip can correspond to a thyristor surge suppressor and the second chip can 
correspond to a rectifier diode having a lower capacitance than the thyristor surge 
suppressor. 

[0007] Exemplary conductive members for the surface-mountable device include 
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wires and generally planar members (which can be provided with dimples for improved 
electrical contact, if desired). In some embodiments, a plurality of conductive members 
(e.g., wire bonds) are disposed between, and in electrical and mechanical connection 
with, the upper electrical contact of the first chip and the upper electrical contact of the 
second chip. 

[0008] Typically, the header regions of the first and second lead frame portions do 
not overlap one another within the device, and are more typically coplanar within the 
device. 

[0009] In many embodiments, the first and second lead frame portions will each 
comprise one or more detachment regions, which correspond to locations of separation 
from a precursor lead frame. 

[0010] According to another aspect of the present invention, a method of 
manufacturing the above surface-mountable device is provided. The method comprises: 
(a) providing a precursor lead frame comprising the first lead frame portion, the second 
lead frame portion, and a severable portion; (b) placing the lower contact of the first chip 
in electrical and mechanical connection with the header region of the first lead frame 
portion, (c) placing the lower contact of the second chip in electrical and mechanical 
connection with the header region of the second lead frame portion; (d) placing the 
conductive member or members in electrical and mechanical connection with the upper 
electrical contact of the first chip and the upper electrical contact of the second chip; (e) 
encapsulating at least a portion of the first and second chips, the header regions of the 
first and second lead frame portions, and the conductive member in the packaging 
material; and (e) separating the first and second lead frame portions from the severable 
portion of the precursor lead frame. 

[0011] In another embodiment, the above surface-mountable device further 
comprises a third chip having lower and upper electrical contacts, in which the lower 
contact of the third chip is in electrical and mechanical connection with the header region 
of the second lead frame portion, and the upper contact of the third chip is in electrical 
and mechanical connection with the conductive member (or members). As above, the 
lower and upper electrical contacts are typically on opposing surfaces of the first, second 
and third chips. 
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[0012] The surface-mountable device can be, for example, a TVS device (e.g., a low- 
capacitance and/or high- voltage TVS device). In some embodiments, the first chip 
corresponds to a bidirectional avalanche breakdown diode and the second and third chips 
correspond to rectifier diodes (e.g., one rectifier with cathode side up and the other 
rectifier with cathode side down~an arrangement referred to in the art as "antiparallel"), 
each of which has a lower capacitance than the bidirectional avalanche breakdown diode. 
[0013] In other embodiments, the first chip corresponds to a bidirectional thyristor 
surge suppressor, and the second and third chips correspond to rectifier diodes (disposed, 
for example, in antiparallel with one another), each of which has a lower capacitance than 
the bidirectional thyristor surge suppressor. 

[0014] In other embodiments, the second and third chips can be replaced by a single 
chip having two active areas, (e.g., one active area with a cathode on tlie upper surface 
and an anode on the lower surface, and another active area with an anode of the upper 
surface and a cathode on the lower surface— i.e., in an antiparallel an'angement). 
[0015] In some embodiments, a plurality of conductive members are provided, which 
are disposed between and in electrical and mechanical connection with the upper 
electrical contact of the first chip, the upper electrical contact of the second chip, and the 
upper electrical contact of the third chip, in a fashion such that the upper electrical 
contacts of the first, second and third chips are shorted together. 

[0016] In another embodiment of the invention, the above surface-mountable device 
includes two or more chips in electrical and mechanical connection with the header 
region of the first lead frame portion and two or more chips in electrical and mechanical 
connection with the header region of the second lead frame portion, with the conductive 
member (or members) in electrical and mechanical connection with each chip. 
[0017] As is typical, "upper" and "lower," etc., as these terms relate to direction, are 
merely indicative of relative direction and do not necessarily correlate, for example, with 
the direction of the force exerted by the earth's gravitational field. 
[0018] An advantage of the present invention is that a surface-mount, multi-chip 
devices can be provided without stacking chips. By eliminating the need to stack chips, 
the present invention can provide thinner packaging, which proves invaluable in 
numerous applications, for example, laptop computers as discussed above. 
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[0019] Other advantages of the present invention are that (a) a surface-mount, multi- 
chip device can be constructed which contains chips in series, and if desired, in parallel 
(e.g., antiparallel) and (b) a surface-mount, multi-chip device can be constructed which 
contains chips of varying sizes. These features are not presently available with stacked 
chip designs. 

[0020] Another advantage of the present invention is that a surface-mount, multi- 
chip device can be provided that has lower thermal resistance relative to an equivalent 
stacked chip structure, improving the power handling capability of the device. 
[0021] Yet another advantage of the present invention is that a two-lead, multi-chip, 
low-capacitance, high-power, bidirectional TVS device (for example, either an avalanche- 
type or a thyristor-type TVS device) can be provided. 

[0022] These and other embodiments and advantages of the present invention will 
become immediately apparent to those of ordinary skill in the art upon review of the 
Detailed Description and Claims to follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Fig. 1 is a schematic, cross sectional view of a known two-lead, surface- 
mount device. 

[0024] Fig. 2A is a schematic, cross sectional view of a two-lead, surface-mount, 
multichip device in accordance with an embodiment of the present inveniton. 
[0025] Fig. 2B is a schematic, partial plan view of the device of Fig. 2A illustrating 
the chips and lead frame portions of the device. 

[0026] Fig. 2C is a schematic, partial plan view of the device of Fig. 2 A illustrating 
the conductive link, chips and lead frame portions of the device. 
[0027] Figs. 3A, 3B and 4 are schematic, cross sectional views of two-lead, surface- 
mount, multichip devices in accordance with other embodiments of the present inveniton. 
[0028] Fig. 5A is a schematic, cross sectional view of a two-lead, surface-mount, 
multichip device in accordance with an embodiment of the present inveniton. 
[0029] Fig. 5B is a schematic, partial plan view of the device of Fig. 5 A illustrating 
the chips and lead frame portions of the device. 

[0030] Fig. 5C is a schematic, partial plan view of the device of Fig. 5A illustrating 
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the conductive link, chips and lead frame portions of the device. 

[0031] Fig. 6 is a schematic, partial plan view illustrating the conductive links, chips 
and lead frame portions of a two-lead, multichip device in accordance with an 
embodiment of the present inveniton. 

[0032] Fig. 7 is a schematic, cross sectional view of a two-lead, surface-mount, 
multichip device in accordance with an embodiment of the present inveniton. 
[0033] Fig. 8 is a schematic, plan view a precursor lead frame in accordance with an 
embodiment of the present inveniton. 

DETAILED DESCRIPTION OF THE INVENTION 

(00341 The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the present 
invention are shown. This invention may, however, be embodied in different forms and 
should not be constaied as limited to the embodiments set forth herein. 
[0035] One embodiment of a multi-chip structure in accordance with the present 
invention is schematically shown in the cross sectional view of Figure 2A. As illustrated, 
a first chip 1 1 OA is placed on a header region 120 A (also referred to in the art as a "die 
pad" or chip pad") of a first lead frame portion 210, and a second chip 1 1 OB is placed on 
a header region 121 A of a second lead frame portion 121. 

[0036] In the embodiment shown, the header regions 120 A, 121 A of the first and 
second lead frame portions 120, 121 are substantially coplanar with one another within 
the device. The gap between of the first and second lead frame portions 120, 121 should 
be sufficiently large to prevent arcing between one another. On the other hand, the gap is 
typically kept as small as is practically possible to minimize the width of the device. One 
way to ensure that the first and second lead frame portions 120, 121 are coplanar with one 
another and to maintain a proper gap size is to initially provide the first and second lead 
frame portions 120, 121 within a single precursor lead frame, and subsequently separate 
them during the production process, typically after molding. This feature of the present 
invention is discussed in more detail below. 

[0037] The packaged structure 100 of Fig. 2A is further provided with a conductive 
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member, which provides electrical connection between the first and second chips 1 lOA, 
1 lOB. In the embodiment illustrated, the conductive member is a dimpled link member 
130, which is placed into a position overlying and contacting an upper surface of each 
chip 1 lOA, 1 1 OB so as to mechanically and electrically connect the chips in series. The 
link 130, optionally dimpled, can be, for example, picked and placed as is known in the 
art, 

[0038] Dimples are provided in the link 130 of the embodiment illustrated in Fig. 2 A 
to avoid contact with the passivation that is present on the chips 1 lOA, 1 lOB. For devices 
having passivation on both sides, it would be desirable to provide dimples on both the 
link and on the header region of the lead frame portion. Of course, in other embodiments, 
such as those using wire bonds, there is no need for dimples. 
[0039] Although a substantially planar, dimpled link 130 is illustrated, other 
conductive members, for example, nonplanar conductive sheets (a "sheet" is defined 
herein as being an object whose thickness is significantly less than its length and width) 
or wires, can also be can be used to electrically connect chip 1 lOA with chip HOB. 
[0040] The completed structure includes a housing 140, which completely 
encapsulates the chips 1 lOA, 1 lOB. The header regions 120 A, 121 A of the lead frame 
portions 120, 121 are also encapsulated. The lead regions 120B, I21B, on the other hand, 
extend laterally outwardly from the device housing 140 to allow electrical connection to 
the device. In the embodiment illustrated, the lead regions 120B, 121B extend in 
opposite directions from the device in a common plane, but this is by no means necessary. 
[0041] Fig. 2B is a schematic partial plan view of the structure of Fig. 2 A in which 
only the first and second chips 11 OA, 1 lOB and the lead frame portions 120, 121 are 
illustrated. In the particular design illustrated, rectangular chips 1 lOA, 1 lOB are utilized 
to increase the surface area, and consequently the power handing of the packaged 
structure. The dashed lines in Fig. 2B correspond to the bends in the lead frame portions 
120, 121, which can be clearly seen in Fig. 2A. Fig. 2C is like Fig. 2B, except that Fig. 
2C further illustrates the position of the link 130 relative to the chips 1 lOA, HOB. The 
dashed lines on the link 130 correspond to the dimples previously discussed. 
[0042] Although not illustrated below in Figs. 3A-B, 4, 5A-C, 6, 7 and 8, dimples 
can clearly be provided in connection with these embodiments where desired. 
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[0043] Numerous configurations are available by which the structure 100 illustrated 
in Fig. 2A can be converted into a surface mount structure. For example, Fig. 3 A 
illustrates a configuration wherein the lead regions 120B, 1 21 B of the lead frame portions 
120, 121 are bent around the housing 140 in a "J-bend" configuration. Another 
configuration is illustrated in Fig. 3B, in which the lead regions 120B, 12 IB of the lead 
frame portions 120, 121 are bend downward and outward in a "gull wing" configuration. 
[0044] A package structure like that illustrated in Fig. 2A can accommodate a 
number of different types of chips 1 lOA, 1 lOB. As one example, chips 1 IDA and HOB 
can correspond to two diodes, for example, a pair of rectifier diodes or a pair of avalanche 
breakdown diodes (which may be either unidirectional or bidirectional). By placing two 
diodes in series within the structure (i.e., one diode anode side up, and the other diode 
cathode side up), the reverse voltage range of the diodes can be extended (i.e., doubled). 
[0045] As another example, a low-capacitance unidirectional transient voltage 
suppressor (TVS) device can be constructed by having chip 1 lOA correspond to a high- 
capacitance unidirectional avalanche breakdown diode and chip 1 lOB correspond to a 
low-capacitance rectifier diode having a higher breakdown voltage than the avalanche 
breakdown diode. In this embodiment, the two diodes are oppositely biased (i.e., that are 
connected in either a cathode-to-cathode or an anode-to-anode configuration). Because 
the low capacitance rectifier diode is in series with the high capacitance avalanche 
breakdown diode, the net capacitance is Cnet=(CADxCRD)/(CAD+CRD), where Cad is the 
capacitance of the unidirectional avalanche breakdown diode and Crd is the capacitance 
of the rectifier diode. By examining this equation, it can be seen that were Cad is much 
greater than Crd, the net capacitance of the device is approximately equal to Crd (i.e., 

[0046] Cnet Crd where Cad»Crd). For this reason, the TVS devices of the present 

invention are routinely low-capacitance devices. 

[0047] The peak surge current, I, which a device can handle is the power rating, P, 
divided by the voltage, V (i.e., I=PA^). For example, a 600W avalanche breakdown diode 
with a clamping voltage of lOOV can handle a peak surge current of 6 Amps (note that 
avalanche-type TVS diodes are used in reverse bias). Because the rectifier diode is 
forward biased, one can reasonably assume that the forward voltage would be about IV at 
6 Amps. Therefore, the rectifier diode in this example only requires a forward power 
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rating of about 6W to handle the same surge current as a 600W, lOOV avalanche 
breakdown diode. 

[0048] The power rating is generally proportional to the chip size (i.e., the larger the 
chip, the lower the thermal resistance and the higher the power rating). Hence, the 
rectifier diode can be much smaller than the avalanche-type diode in many embodiments. 
(Note, however, if it is desired for the rectifier to be the same size as the TVS, then it will 
still significantly reduce the capacitance, because the reverse breakdown voltage is 
inversely proportional to the capacitance.) To accommodate this difference in chip size, 
the header 120 A of lead frame portion 120 can be made asymmetric relative to the header 
121 A of lead frame portion 121 (see, for example, Fig. 4). In this way, the size of the 
avalanche breakdown diode chip 1 lOA that can be fitted within the packaged device is 
increased and the power handling maximized. 

[0049] Although the functionality of the above-described structure can also be 
achieved by stacking an avalanche breakdown diode chip and a rectifier diode chip, this 
would require a thicker package, which is against a trend in the semiconductor industry in 
the direction of thinner devices. Also, the stacking approach results in higher thermal 
resistance, which limits the power handling capability of the device. Furthermore, it 
would be very difficult to align a smaller size rectifier diode chip with a larger size 
avalanche breakdown diode chip in a stacked, surface mount package, because the 
smaller chip would shift position while soldering. 

[0050] Another example of a low-capacitance TVS device can be constructed by 
having chip 1 lOA correspond to a high-capacitance unidirectional thyristor surge 
suppressor and chip HOB, correspond to a low-capacitance rectifier diode that has a 
higher breakdown voltage than the thyristor surge suppressor. 

[0051] In this connection, it is noted that a thyristor surge suppressor displays what is 
commonly known as a "crowbar effect" (and hence this types of TVS is commonly 
referred to as a "crowbar-type TVS"). By this is meant that once the devices clamps the 
high voltage surge at its breakover voltage (Vbo) and breakover current (Ibo) it switches 
to a low-voltage (i.e., typically <10V), low-impedance state (i.e., the on-state). Since Ibo 
is in the mA range, the device only needs to handle high currents at low voltages. This 
allows a thyristor surge suppressor to handle much more current than an avalanche 

9 



Docket: GS 146 



breakdown diode with the same power rating. Consequently, the rectifier diode is 
generally relatively close in size to the thyristor surge suppressor to handle the surge 
current (but can be smaller if desired). However, because the rectifier diode has a reverse 
breakdown voltage that is typically substantially higher than that of the thyristor surge 
suppressor, its capacitance is lower, and the net capacitance of the device is reduced. 
[0052] The above TVS devices are surface mount, low-capacitance, high-power 
devices. These characteristics make them beneficial for a number of applications. For 
example, these devices are usefiil in protecting high-speed data lines from power surges, 
because their low capacitance and leakage currents render them essentially transparent to 
the circuits that they are designed to protect during normal operation. 
[0053] It is noted that Figs. 2A-4 illustrate packaged structures 100 in which (a) one 
chip 1 1 OA on the first lead fi-ame portion 120 is placed in series with (b) one chip 1 lOB 
on the second lead frame portion 121 . More broadly, however, the packaged structure of 
the present invention allows the series connection of 1 , 2, 3 or more chips on the first lead 
frame portion with 1, 2, 3 or more chips on the second lead frame portion. Where 
multiple chips are placed on a single lead frame portion, they are electrically in parallel 
(e.g., antiparallel) with one another. 

[0054] For example, Figs. 5A-5C illustrate a packaged structure ICQ in which (a) one 
chip 1 lOZ on first lead frame portion 120 is placed in series with (b) two chips 11 OX, 
HOY, which are in antiparallel with each other, on second lead frame portion 121 . (As 
discussed above, the two chips 1 lOX, HOY can be replaced in some embodiments by a 
single chip having two active regions.} 

[0055] More specifically, the device illustrated in Figs. 5A-5C is similar to the 
device of Figs. 2A-2C in that it includes: a first lead frame portion 120 having a header 
region 120 A and a lead region 120B; a second lead frame portion 121 having a header 
region 121 A and a lead region 121B; a link 130; and a package 140. However, the device 
of Figs. 2A-2C only contains first and second chips 1 lOA, 1 1 OB in series with one 
another, while the device of Figs. 5A-5C contains first and second chips 1 lOX, 1 lOY, 
which are electrically in parallel (e.g., antiparallel) with one another, and which are 
further in series with third chip 1 lOZ. 

[0056] As in Fig. 2C, a dimpled link 130 can be used to interconnect the chips 1 lOX, 
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1 lOY and 1 lOZ in Fig. 5C. However, a variety of connection schemes can also be used. 
For example, wire bonds 1 3 1 A, 1 3 1 B can be used to short the chips 1 1 OX, 1 1 0 Y and 
11 OZ together as illustrated in Fig. 6. 

[0057] The structure of Figs. 5 A-5C can accommodate a number of different types of 
chips I lOX, 1 10 Y, 1 lOZ. For example, a two-lead, low-capacitance, bidirectional 
transient voltage suppressor device can be constructed by having chip 1 lOZ correspond to 
a high capacitance bidirectional avalanche breakdown diode, and by having chips 1 lOX 
and HOY correspond to two oppositely biased low-capacitance rectifier diodes, where 
each of the rectifier diodes has a higher breakdown voltage than that of the avalanche 
breakdown diode under appropriate bias. 

[0058] As above, because the low capacitance rectifier diodes are in series with the 
high capacitance avalanche breakdown diode, the net capacitance of the device is low. 
Moreover, because one of the rectifier diodes will be forward biased during breakdown of 
the avalanche breakdown diode, the power rating of the rectifier diodes can be much 
lower that that of the avalanche breakdown diode, particularly at higher voltage ratings. 
Hence, the rectifier diodes can be much smaller than the avalanche breakdown diode in 
many embodiments, in which case the first and second lead frame portions may be 
asymmetric relative to each other (see, e.g., Fig. 7). By making the first and second lead 
frame portions asymmetric, the size of the avalanche breakdown diode chip 1 lOZ that 
will fit within the packaged device is increased. 

[0059] Another two-lead, low-capacitance, bidirectional transient voltage suppressor 
device can be constructed, for example, by having chip 1 lOZ correspond to a high- 
capacitance, bidirectional thyristor surge suppressor, and by having chips 1 lOX and HOY 
correspond to two oppositely biased low-capacitance rectifier diodes. Each of the 
rectifier diodes has a higher breakdown voltage than that of the bidirectional thyristor 
surge suppressor under appropriate bias. As above, because the lower capacitance 
rectifier diodes are in series with the higher capacitance avalanche breakdowm diode, the 
net capacitance of the device is lowered. 

[0060] Low-capacitance, two-leaded, bidirectional TVS devices of either the 
avalanche or thyristor variety are not presently available in either axial or surface mount 
packages, likely due to the fact that it would be difficult, if not impossible, to duplicate 
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the functionality of the structure illustrated in Figs. 5A-5C by stacking chips in either in 
an axial package or surface-mount package. 

[0061] Turning now to another aspect of the present invention, the first and second 
lead frame portions 120, 121 in the above figures can be provided within a single 
precursor lead firame at early stages of the manufacturing process if desired. A partial 
plan view of one example of such a precursor lead frame 200 is illustrated in Fig. 8. The 
precursor lead frame 200 typically comprises a patterned sheet of metal, e.g., copper. The 
precursor lead firame 200 can be formed using known processes, for example, by 
stamping processes or by photolithographic processes. 

[0062] The precursor lead fi-ame 200 includes a rail assembly comprised of side rails 
126A, 126B, a top rail 126C, and a bottom rail 126D (only partially shown). The first 
and second lead frame portions 120, 121 (which include header regions 120 A, 121 A and 
lead regions 120B, 121B) are connected to the top and bottom rails 126C, 126D of the rail 
assembly via connection members 124. It is noted that the first and second lead frame 
portions 120, 121 are held in the same plane and in precise alignment with each another 
by connection members 124. 

[0063] The left and right side rails 126A, 126B are provided with openings 128 
whereby the lead frame can be mounted for precise movement through various work 
stations. Various apparatus for precisely indexing and performing various processes in 
connection with lead firames are well known in the semiconductor industry, and hence are 
not illustrated herein. If desired, the lead fi-ame portions 120, 121 can be bent along the 
vertical dashed lines to achieve a profile like that illustrated in Fig. 2A. 
[0064] During manufacture, chips (not shown) are typically solder-bonded to the 
header regions 1 20 A, 1 2 1 A of lead frame portions 1 20, 1 2 1 . The unbonded upper surface 
of each chip can then be provided with a layer of solder. A conductive member such as 
the above-described dimpled link (not shown) can then be disposed on top of the chips, 
and the resulting assembly can be heated to solder-bond the link to the semiconductor 
chips. For example, the link can be heated to bring the solder on the chips up to an 
appropriate fusing temperature. As another example, the solder used on the chip upper 
surfaces can have a lower fusing temperature than the solder used on the chip lower 
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surfaces. This will help prevent the heating for chip upper surface bonding from 
softening the previously made chip lower surface bonds. 
[0065] Subsequent processes can be carried out in accordance with known 
technology used in the fabrication of devices using lead frames. For example, the 
resulting assembly can be disposed in a mold and a packaging material, for example, 
epoxy, can be forced into the mold under pressure. The material will flow around and 
completely encapsulates each chip and the header regions 120 A, 120B of the first and 
second lead frame portions 120, 12L Upon hardening of the resin and opening of the 
mold, the device will comprise a solid resin envelope 140 having lead regions 120B, 
12 IB extending therefrom, as well as connection members 124. The connection members 
124 are then severed, for example by a cutting or punching operation, to separate the 
encapsulated device from the remainder of the precursor lead frame. For instance, the 
connection members 124 can be cut along the horizontal dashed lines in Fig. 8. 
[0066] Although not illustrated, the precursor lead frame can be configured to 
include many pairs of first and second lead frame portions, with each pair ultimately 
being disposed in separate devices. This allows batch-processing techniques to be used as 
is known in the art. In this way, groups of identical packages structures can be 
simultaneously fabricated in accordance with the invention. 

[0067] Although various embodiments are specifically illustrated and described 
herein, it will be appreciated that modifications and variations of the present invention are 
covered by the above teachings and are within the purview of the appended claims 
without departing from the spirit and intended scope of the invention. 
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